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Correlation analysisAbstract A series of substituted styryl 2-hydroxy-1-naphthyl ketones have been synthesized by
crossed-Aldol condensation reaction. These ketones are characterized by their physical constants,
IR and NMR data. The IR carbonyl stretching and deformation modes m (cm1) of vinyl portion
frequencies and 1H and 13C NMR spectral chemical shifts d (ppm) of ethylenic protons, carbons
and carbonyl carbons are correlated with various Hammett sigma constants, ﬁeld, and resonance
and Swain–Lupton parameters by single and multi-regression analysis. From the statistical analysis
the effect of substituents on the group frequencies is studied.
ª 2011 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Spectral data of organic compounds are useful for the predic-
tion of their structure, stereo-chemical and physicochemical
properties (Thirunarayanan et al., 2010; Wang et al., 2005;
Mulliken, 1939). The quantitative structure activity
relationship and quantitative property relationship of the or-
ganic substrates are studied from the spectral data associatedwith their molecular equilibration (Thirunarayanan, 2007a,
2008a,b). The vibrational frequencies of carbonyl groups gave
two isomeric molecular structures in unsaturated ketones such
as s-cis and s-trans conformers. The s-cis carbonyl group
absorption frequencies are higher than those of the s-trans
carbonyl group. Based on this the structure of molecular
equilibration can be predicted in geometrical isomers,
keto-enol tautomerism in unsaturated carbonyl compounds
(Thirunarayanan, 2007b, 2008b), alkenes, alkynes, styrenes
and nitro-styrenes. Nuclear magnetic resonance spectroscopy
provides the information about the number of protons present
in the molecules and it types either E- or Z in the above said
molecules. Based on their coupling constant J in Hz value these
types of protons can be identiﬁed in the organic molecules. If
the molecules possess substituent in the aromatic ring, corre-
sponding absorption frequencies in IR and the chemical shift
S718 G. Vanangamudi et al.in NMR vary from ketone to ketone depending upon the type
of substituents whether they are electron donating or electron
withdrawing in nature. From these data the effect of substitu-
ents can be studied on the particular functional group of the
molecules by means of regression analysis (Thirunarayanan,
2007b; Thirunarayanan and Ananthakrishna Nadar, 2006a,b;
Arul Kumaran et al., 2010). Further these data are employed
for the study of transition state reaction mechanism (Dass,
2001), structure activity of biological potentials (Deiva et al.,
1998), normal coordinate analysis (Sharma et al., 2002;
Krishnakumar andRamasamy, 2002), theoretical study of long
range interactions in the beta sheet structures of oligo peptides
(Horvath et al., 2005), enone–dienol tautomerism (Wang et al.,
2005), density functional theory (Senthilkumar et al., 2006),
rotational barriers in selenomides (Kaur et al., 2006) and gas
phase reactivity of alkyl sulﬁdes (Izadyar and Gholami,
2006). The out of plane and in-plane deformation frequencies
in ﬁngerprint region are also used for QSAR and QPR
study (Vanangamudi and Thirunarayanan, 2006). Generally
chalcones possess various multipronged activities,
(Thirunarayanan, 2008a; Thirunarayanan et al., 2010) such as
anticancer, antimicrobial (Sivakumar et al., 2007; Lahtchev
et al., 2008), antioxidant (Weber et al., 2005), anti-aids (Deng
et al., 2007), insect antifeedant ( Thirunarayanan, 2008a;
Thirunarayanan et al., 2010), antimalarial (Dominguez et al.,
2005), agrochemicals and drugs (Mirinda et al., 2000;
Monostory et al., 2003; Nowakowska, 2007; Majinda et al.,
2001; Sitaram Kumar et al., 2007). These potentials are also ap-
plied for the study of structure activity relationships (Sung and
Ananthakrishna Nadar, 2000). From thorough literature
survey there is no report on the effect of substituents-QSAR
or QPR study with these compounds, in the past. Therefore,
the authors take effort to synthesise some substituted styryl
2-hydroxy-1-naphthyl ketones and study the correlation
analysis with their IR and NMR data.
2. Experimental
2.1. Synthesis of substituted styryl 2-hydroxy-1-naphthyl
ketones
An appropriate equal molar quantity of 2-hydroxy-1-acetyl-
naphthalene (0.01 mol), various substituted benzaldehydes
(0.01 mol), 0.5 g of sodium hydroxide and 20 ml of ethanol
were warmed in a 50 ml corning conical ﬂask and shaken
occasionally (Thirunarayanan and Ananthakrishna Nadar,Scheme 1 Synthesis of 2-hyd2002) (Scheme 1). The obtained solid was ﬁltered at the pump,
washed with cold water and crystallized from ethanol to afford
the respective chalcones as a glittering pale yellow solid. The
yield of the product was more than 67%. The synthesized chal-
cones are characterized by their physical constants, IR, 1H and
13C NMR and Mass spectral data. Analytical and Mass spec-
tral data are presented in Table 1. Infrared spectral data are
given in Table 2. The ethylenic protons, carbons and carbonyl
carbon chemical shifts of the chalcones are presented in Table
4.
The melting points of chalcones were determined in sigma
melting point apparatus and are uncorrected. The IR spectra
of all chalcones are recorded using KBr pellets in a Perkin
Elmer Japan model Fourier Transform Spectrophotometer.
The 1H NMR spectra of all chalcones were recorded in a
Bruker 300MHz model Spectrometer at Sastra University,
Tanjore.3. Results and discussion
3.1. Infrared spectral study
During the vibrations these synthesized chalcones exist as s-cis
and s-trans conformers. These conformers are conﬁrmed by
the carbonyl group doublets obtained in the range of
1600–1700 cm1. They are shown in Fig. 1 and the correspond-
ing carbonyl frequencies (cm1) of the conformers are
presented in Table 2. The s-cis conformers absorb at higher
vibrational frequencies than s-trans conformers. Generally car-
bonyl doublets are obtained at lower absorption frequencies
for the electron donating substituents in the chalcones whereas
the electron withdrawing substituents absorb their doublets at
higher frequencies in both the conformers. In this present
study also, the same trend was observed. These frequencies
are correlated with various Hammett sigma constants and
Swain–Lupton’s parameters (Swain and Lupton, 1968) by
single and multi linear regression analysis. While seeking
Hammett correlation involving group frequencies, the form
of the Hammett equation employed is
m ¼ qrþ m0 ð1Þ
where m0 is the frequency for the parent member of the series.
The results of single parameter statistical analysis of
carbonyl frequencies with substituent constants are presented






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































IR and NMR spectral studies of some 2-hydroxy-1-naphthyl chalcones: Assessment of substituent effects S719The s-cis carbonyl frequencies are correlated satisfactorily
with Hammett r and r+ constants. All correlations produce
positive q values. This shows that the normal substituent
effects operate in all the conformers. The inductive and
resonance effects of the substituents fail in correlations. This
is due to the inability to transmit the substituent effect on
carbonyl group. Also the inductive effect of the substituents
dies off considerably. This is illustrated in the resonance-
conjugative structure shown in Fig. 1. The substituent effects
get reduced, since the substituents are away from three or more
carbon bond lengths and this leads to poor correlation. The s-
trans carbonyl frequencies are found to fail in correlation with
any of the substituent constants. This is due to the same rea-
sons as stated earlier for s-cis conformers. The ability of trans-
mission of substituent effect on carbonyl group is higher in
s-cis conformers than in s-trans conformers.
The assigned in-plane and out of plane deformation modes
CHip, CHop, CH‚CHop and C‚Cop (cm
1) of 2-hydroxy-
1-naphthyl ketones are presented in Table 2. The larger
value of deformation mode frequency for the system is due
to the low mobility of electron between the >C‚C< and
the –CH= CH– frame work.
All the deformation modes substituted styryl 2-hydroxy-1-
naphthyl ketones are correlated with different substituent con-
stants according to John shorter (Thirunarayanan et al., 2011;
Shorter, 1973). The results of statistical analysis are shown in
Table 3.
The correlation of –CH in-plane deformation stretches with
rR parameter seems to be good. The correlation with rI and F
values is quite bad. This is due to the fact that these values are
not capable of predicting the substituent effects on CH in-plane
vibrations. The correlations with r+ values are better. All
correlations produce positive q values, except rI and F param-
eters. This shows that normal substituent operates in all sys-
tems, excluding some of the substituents like 4-OH, 4-CH3
and 2-OCH3. The failure in correlations due to complete dies
off resonance effect of substituent.
The observed –CHopmodes of substituted styryl 2-hydroxy-
1-naphthyl ketones are given in Table 2. All the deformation
modes of substituted styryl 2-hydroxy-1-naphthyl ketones are
correlated with different substituent constants according to
(Thirunarayanan et al., 2011; Shorter, 1973). The results of
statistical analysis are shown in Table 3. The correlation
of –CH out of plane deformation modes with r, r+, rR and
F parameters seems to be satisfactory. The correlations with
rI and R values are quite bad. This is due to the fact that these
values are not capable of predicting the substituent effects
on –CH– out of plane vibrations and the resonance effect of
substituents completely dies off. This is shown in the conjuga-
tive structure in Fig. 1 which the pi-bond character is
converted into the sigma character.
The observed CH‚CH out of plane frequencies in the pres-
ent study are given in Table 2. All the deformation CH‚CHop
modes of stretching frequencies of substituted styryl 2-hydro-
xy-1-naphthyl ketones are correlated with different substituent
constants according to (Thirunarayanan et al., 2011; Shorter,
1973). The results of statistical analysis are shown in Table
3. All correlations fail in this mode of frequencies with
Hammett substituent constants and F and R parameters using
single regression analysis.
The observed >C‚C< op frequencies in the present study
are given in Table 2. All the frequencies of deformation modes
Table 2 Infrared stretches m (cm1) COs-cis, COs-trans, CHip, CHop, CH‚CHop and C‚Cop of substituted styryl 2-hydroxy-1-naphthyl
ketones.
Entry Substituent COs-cis COs-trans CHip CHop CH‚CHop C‚Cop
1 H 1653.60 1610.96 1148.65 740.58 1074.42 592.96
2 3-Br 1659.58 1594.11 1147.68 751.67 1072.92 501.71
3 4-Br 1656.50 1619.25 1150.23 753.55 1073.25 593.67
4 2-Cl 1661.74 1612.97 1163.25 752.17 1083.95 592.07
5 3-Cl 1658.05 1595.95 1149.48 753.73 1016.83 593.75
6 4-Cl 1657.34 1619.74 1149.40 753.06 1091.14 594.42
7 2-OH 1699.41 1637.37 1171.05 754.36 1079.91 566.64
8 4-OH 1627.40 1584.69 1124.84 753.73 1015.81 598.43
9 2-OCH3 1657.75 1615.13 1124.01 760.77 1019.61 596.68
10 4-CH3 1656.24 1610.73 1117.25 782.27 995.74 589.79
11 2-NO2 1657.75 1615.13 1117.97 751.71 1073.96 574.95
12 3-NO2 1668.22 1608.59 1145.21 767.35 1020.23 538.10
Figure 1 Resonance conjugative structure.
S720 G. Vanangamudi et al.of substituted styryl 2-hydroxy-1-naphthyl ketones are
correlated with different substituent constants according to
(Thirunarayanan et al., 2011; Shorter, 1973). The results of
statistical analysis are shown in Table 3. The correlation of
>C‚C< out of plane deformation modes with rI and F
parameters seem to be satisfactory excluding selective substit-
uents. If they are included in the regression, they reduce the
correlation considerably. The correlation with r, r+, rR and
R values is quite bad. This is due to the fact that these values
are not capable of predicting the substituent effects on
>C‚C< out of plane vibrations and the resonance effect of
substituents completely dies off. This is shown in the conjuga-
tive structure in Fig. 1 in which the pi-bond character is con-
verted into the sigma character.
Some of the single parameter correlations fail with the
infrared COs-cis, CHip, CHop, CH‚CHop and C‚Cop with
Hammett sigma constants and F and R parameters. While
seeking the multi regression analysis of these stretches,
satisfactory correlations are obtained with Swain–Lupton
and F and R parameters. The correlated multi regression
equations are given in 2–13
mCOðcm
1Þ
scis ¼ 1653:48ð7:809Þ þ 24:430ð1:521ÞrI
þ 33:91ð1:363ÞrR
ðR ¼ 0:972; n ¼ 12;P > 95%Þ ð2ÞmCOðcm
1Þ
scis ¼ 1605:44ð6:566Þ þ 22:883ð1:299ÞF
þ 35:351ð9:721ÞR
ðR ¼ 0:979; n ¼ 12;P > 95%Þ ð3Þ
mCOðcm
1Þ
strans ¼ 1611:78ð9:941Þ  10:984ð1:937ÞrI
 5:251ð1:735ÞrR
ðR ¼ 0:921; n ¼ 12;P > 90%Þ ð4Þ
mCOðcm
1Þ
strans ¼ 1614:98ð9:561Þ  13:833ð1:883ÞF
þ 2:328ð1:409ÞR
ðR ¼ 0:922; n ¼ 12;P > 90%Þ ð5Þ
mCHopðcm1Þ ¼ 1131:443ð12:329þ 18:724ð24:020Þr1
 21:769ð21:520ÞrR
ðR ¼ 0:900;P > 90%; n ¼ 13Þ ð6Þ
mCHopðcm1Þ ¼ 1133:50ð12:091Þ þ 18:125ð2:934ÞF
 10:667ð1:702ÞR
ðR ¼ 0:90;P > 90%; n ¼ 13Þ ð7Þ
mCHipðcm1Þ ¼ 1028:17ð24:974Þ þ 56:149ð4:672Þr1
 23:422ð4:324ÞrR
ðR ¼ 0:900;P > 90%; n ¼ 13Þ ð8Þ
mCHipðcm1Þ ¼ 1032:09ð23:958Þ þ 56:64ð27:212ÞF
 1:400ð3:547ÞR
ðR ¼ 0:90;P > 90%; n ¼ 13Þ ð9Þ
m CH ¼ CHopðcm1Þ ¼ 761:62ð7:329Þ  11:422ð14:283Þr1
þ 6:874ð12:795ÞrR
ðR ¼ 0:926;P > 90%; n ¼ 13Þ ð10Þ
m CH ¼ CHopðcm1Þ ¼ 760:457ð14:071Þ  9:784ð2:710ÞF
þ 3:241ð1:525ÞR
ðR ¼ 0:922;P > 90%; n ¼ 13Þ ð11Þ
Table 3 Results of statistical analysis of infrared m (cm1) COs-cis, COs-trans, CHip, CHop, CH‚CHop and C‚Cop substituted styryl-2-hydroxy-1-naphthyl ketones with Hammett r, r
+,
rI,, rR constants and F and R parameters.
Frequency Constants r I q s n Correlated derivatives
COs-cis r 0.967 1650.94 26.699 11.46 10 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OCH3, 4-CH3, 2-NO2, 4-NO2
r+ 0.975 1653.23 22.812 10.26 10 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OCH3, 4-CH3, 2-NO2, 4-NO2
rI 0.947 1652.51 32.306 13.68 10 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OCH3, 4-CH3, 2-NO2, 4-NO2
rR 0.863 1663.79 38.460 12.06 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
F 0.838 1644.48 25.912 14.36 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
R 0.872 1644.83 36.447 10.78 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
COs-trans r 0.811 1609.45 4.236 13.99 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
r+ 0.901 1608.84 0.053 14.03 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
rI 0.819 1613.47 12.202 13.75 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
rR 0.813 1607.13 -7.297 13.90 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
F 0.822 1614.26 13.633 13.67 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
R 0.803 1609.30 1.665 14.02 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
CHip r 0.906 1143.24 2.281 18.06 10 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OCH3, 4-CH3, 2-NO2, 4-NO2
r+ 0.918 1143.21 6.149 17.79 10 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OCH3, 4-CH3, 2-NO2, 4-NO2
rI 0.817 1138.46 13.674 17.82 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
rR 0.925 1139.36 18.273 17.48 10 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OCH3, 4-CH3, 2-NO2, 4-NO2
F 0.821 1136.81 17.211 17.65 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
R 0.916 1140.94 9.798 17.84 10 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OCH3, 4-CH3, 2-NO2, 4-NO2
CHop r 0.901 756.06 2.725 10.42 10 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OCH3, 4-CH3, 2-NO2, 4-NO2
r+ 0.903 755.83 9.826 10.23 10 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OCH3, 4-CH3, 2-NO2, 4-NO2NO2
rI 0.821 759.40 9.826 10.41 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
rR 0.911 756.73 4.747 10.41 10 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OCH3, 4-CH3, 2-NO2, 4-NO2
F 0.920 759.45 9.506 10.25 10 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OCH3, 4-CH3, 2-NO2, 4-NO2
R 0.808 756.44 2.772 10.44 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
CH‚CHop r 0.822 1051.95 20.989 35.82 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
r+ 0.827 1053.61 19.982 35.30 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
rI 0.831 1035.73 50.714 34.88 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
rR 0.808 1051.92 -12.964 36.61 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
F 0.835 1032.52 56.526 34.38 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
R 0.801 1054.32 13.132 36.75 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
C‚Cop r 0.836 577.72 32.960 31.93 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
r+ 0.832 574.62 21.928 32.43 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
rI 0.938 595.27 54.296 31.63 10 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OCH3, 4-CH3, 2-NO2, 4-NO2
rR 0.804 571.66 65.296 34.28 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2
F 0.950 605.12 80.557 28.90 10 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OCH3, 4-CH3, 2-NO2, 4-NO2
R 0.826 572.32 21.992 34.30 12 H, 3-Br, 4-Br, 2-Cl, 3-Cl, 4-Cl, 3-OH, 4-OH, 3-OCH3, 4-OCH3, 3-NO2, 4-NO2























































Table 4 The chemical shifts (ppm) of vinyl protons,
carbons and carbonyl carbons of substituted styryl-2-
hydroxy-1-naphthyl ketones.
Entry Substituent dHa dHb dCa dCb dCO
1 H 7.631 7.939 124.87 137.52 192.92
2 3-Br 7.229 7.736 124.59 137.70 192.31
3 4-Br 7.225 7.725 124.99 137.66 192.42
4 2-Cl 6.734 7.586 124.93 138.96 182.93
5 3-Cl 7.212 7.991 124.09 137.62 192.20
6 4-Cl 7.196 7.984 124.99 137.65 192.46
7 2-OH 6.833 7.683 124.56 137.99 192.41
8 4-OH 7.263 7.852 124.98 137.64 192.67
9 2-OCH3 7.263 7.852 124.86 137.50 193.14
10 4-CH3 7.233 8.482 121.13 137.90 191.66
11 2-NO2 6.977 7.650 124.81 137.39 193.05
12 3-NO2 7.301 8.300 124.89 139.35 194.13
S722 G. Vanangamudi et al.m>C¼C< opðcm1Þ ¼ 596:77ð22:955Þ 59:388ð4:732Þr1
þ 4:708ð4:072ÞrR
ðR¼ 0:938;P> 90%;n¼ 13Þ ð12ÞTable 5 Results of statistical analysis of 1H NMR chemical shifts o
dCa, dCband dCO (ppm) carbons of substituted styryl-2-hydroxy-1-na
F and R parameters.
Frequency Constants r q I s n Correlate
dðppmÞHa r 0.807 0.037 7.174 0.24 12 H, 3-Br,
r+ 0.813 0.051 7.173 0.24 12 H, 3-Br,
rI 0.798 0.383 7.309 0.22 12 H, 3-Br,
rR 0.827 0.315 7.230 0.22 12 H, 3-Br,
F 0.813 0.467 7.347 0.22 12 H, 3-Br,
R 0.817 0.221 7.224 0.23 12 H, 3-Br,
dðppmÞHb r 0.760 0.052 7.915 0.27 12 H, 3-Br,
r+ 0.813 0.070 7.914 0.27 12 H, 3-Br,
rI 0.831 0.422 8.063 0.26 12 H, 3-Br,
rR 0.823 0.285 7.964 0.27 12 H, 3-Br,
F 0.834 0.455 8.071 0.26 12 H, 3-Br,
R 0.827 0.235 7.965 0.27 12 H, 3-Br,
dðppmÞCa r 0.921 0.600 124.38 1.10 12 H, 3-Br,
r+ 0.920 0.424 124.43 1.11 12 H, 3-Br,
rI 0.851 2.715 123.48 1.13 12 H, 3-Br,
rR 0.805 0.369 124.10 1.13 12 H, 3-Br,
F 0.853 2.849 123.42 0.96 12 H, 3-Br,
R 0.905 0.228 124.42 1.13 12 H, 3-Br,
dðppmÞCb r 0.902 0.466 137.84 0.61 10 H, 3-Br,
r+ 0.903 0.407 137.87 0.60 10 H, 3-Br,
rI 0.903 0.850 137.59 0.609 10 H, 3-Br,
rR 0.902 0.509 138.01 0.62 10 H, 3-Br,
F 0.900 0.952 137.56 0.60 10 H, 3-Br,
R 0.921 0.509 138.03 0.62 10 H, 3-Br,
dðppmÞCO r 0.913 0.302 191.81 3.01 11 H, 3-Br,
r+ 0.941 0.784 191.94 2.96 11 H, 3-Br,
rI 0.940 0.533 192.06 3.01 11 H, 3-Br,
rR 0.912 1.450 192.15 2.99 11 H, 3-Br,
F 0.902 0.387 191.72 3.01 11 H, 3-Br,
R 0.905 0.536 191.99 3.01 11 H, 3-Br,
r=Correlation coefﬁcient; q = Slope; I= Intercept; s= Standard devim>C¼C< opðcm1Þ ¼ 605:39ð20:137Þ 80:627ð39:861ÞF
þ 0:827ð29:815ÞR
ðR¼ 0:953;P> 95%;n¼ 13Þ ð13Þ3.2. 1H spectral study
The 1H NMR spectra of nine chalcones under investigation are
recorded in deuterated dimethyl sulfoxide employing tetra-
methylsilane (TMS) as the internal standard. The signals of
the ethylenic protons were assigned. They are calculated as
AB or AA0 BB0 systems, respectively, (Thirunarayanan et al.,
2011; Laturber, 1961; Solcaniova and Toma, 1980; Thiruna-
rayanan, 2008a,b). The chemical shifts of Ha are at higher ﬁeld
than those of Hb in this series of ketones. The ethylenic pro-
tons give an AB pattern and the b-proton doublet in most
cases is well separated from the signals of the aromatic pro-
tons. The assigned chemical shifts of the ethylenic protons
are presented in Table 4.
In nuclear magnetic resonance spectra, the proton chemical
shifts d (ppm) depend on the electronic environment of the nu-
clei concerned. These shifts can be correlated with reactivityf dHa and dHb (ppm) protons and
13C NMR chemical shifts of
phthyl ketones with Hammett substituent constants r, r+, rI, rR,
d derivatives
4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OH, 4-OH,2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 2-Cl, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 3-Cl, 4-Cl, 2-OH, 4-OH,2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2
4-Br, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2
4-Br, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2
4-Br, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2
4-Br, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2
4-Br, 3-Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, -Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, -Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, -Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, -Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
4-Br, -Cl, 4-Cl, 2-OH, 4-OH, 2-OCH3, 4-CH3, 2-NO2, 3-NO2
ation; n=Number of substituents.
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form as
Logd ¼ Logd0 þ qr ð14Þ
where d0 is the chemical shift in the corresponding parent
compound.
The assigned 1H NMR chemical shifts (ppm) of dHa and
dHb of substituted styryl 2-hydroxy-1-naphthyl ketones are
presented in Table 4. These chemical shifts are correlated with
Hammett substituent constants and F and R parameters. The
results of statistical analysis of these chemical shifts (ppm)
are shown in Table 5. Hammett substituent constants, F and
R parameters fail correlations with dHa and dHb chemical
shifts. Hammet r+, rR and F and R parameter correlations
gave positive q values. This shows that the normal substituent
effects operated in all ketones. The remaining Hammett con-
stants produce negative q values. These constants reverse the
substituent effects in overall correlations on both the chemical
shifts. This is due to the incapability of predicting the substitu-
ent effects on the vinyl protons by the substituents along with
the Hydrogen bonding on carbonyl carbon in the conjugative
structure in Fig. 1. The degree of transmission of substituent
effects on dHa is higher than dHb chemical shifts.
Some of the single parameter correlations fail with the 1H
NMR of dHa and dHb chemical shifts with Hammett sigma
constants and F and R parameters. While seeking the multi
regression analysis of these frequencies, satisfactory correla-
tions are obtained with Swain–Lupton and F and R parame-
ters. The correlated multi regression equations are (15–18)
dHaðppmÞ ¼ 7:468ð0:145Þ  0:559ð0:234ÞrI
þ 0:478ð0:251ÞrR
ðR ¼ 0:906; n ¼ 12;P > 90%Þ ð15Þ
dHaðppmÞ ¼ 7:4714ð0:157Þ  0:594ð0:324ÞF
þ 0:334ð0:020ÞR
ðR ¼ 0:905; n ¼ 12;P > 90%Þ ð16Þ
dHbðppmÞ ¼ 8:215ð0:175Þ  0:592ð0:359ÞrI
þ 0:457ð0:318ÞrR
ðR ¼ 0:953; n ¼ 12;P > 95%Þ ð17Þ
dHbðppmÞ ¼ 8:209ð0:192Þ  0:586ð0:395ÞF
þ 0:349ð0:021ÞR
ðR ¼ 0:949; n ¼ 12;P > 90%Þ ð18Þ3.3. 13C NMR spectral study
The assigned carbonyl carbon chemical shifts (ppm) of dCO,
dCa and dCb of 2-hydroxy-1-naphthyl ketones are presented
in Table 4 and these chemical shifts are correlated with
Hammett sigma constants and F and R parameters. The results
of statistical analysis are shown in Table 5. From the table
Hammett r constants, F and R parameters correlated satisfac-
torily alongwith positive q values excluding 2-Cl substituent.
This shows the normal substituent effects in all ketones.
Inductive effects of the substituent produced negative q value
and it leads to reversal substituent effect.
The assigned vinyl carbon Ca and Cb chemical shifts (ppm)
of 2-hydroxy-1-naphthyl ketones ketones are correlated withHammett sigma constants and F and R parameters. The results
of statistical analysis are shown in Table 5. The Ca chemical
shifts correlated with Hammett r, r+ constants and R param-
eters the q values are found to be positive. This shows that the
normal substituent effects operate in all ketones.The Inductive,
resonance and Field effects of the substituents fail in correla-
tion. The resonanace parameters produce negative q values.
This is due to the reason stated earlier along with the conju-
gated structure in Fig. 1.
The Cb chemical shifts (ppm) of 2-hydroxy-1-naphthyl
ketones are correlated with Hammett sigma constants and F
and R parameters along with negative q values excluding 2-Cl
and 3-NO2 substituents. This shows that the reversal substituent
effects operate in all ketones. The degree of transmission of sub-
stituent effects on Cb is more than Ca carbons.
Single parameter correlations fail with the 13C NMR of dCa
and dCb chemical shifts (ppm) with Hammett sigma constants
and F and R parameters. While seeking the multi regression
analysis of these frequencies, satisfactory correlations are
obtained with Swain–Lupton and F and R parameters. The
correlated multi regression equations are given in 19–24.
dCOðppmÞ ¼ 192:65ð2:251Þ  1:199ð0:4523ÞrI
þ 1:798ð0:413ÞrR
ðR ¼ 0:915; n ¼ 12;P > 90%Þ ð19Þ
dCOðppmÞ ¼ 191:91ð2:382Þ þ 0:203ð0:428ÞF
þ 0:497ð0:035ÞR
ðR ¼ 0:905; n ¼ 12;P > 90%Þ ð20Þ
dðppmÞCa ¼ 123:04ð0:671Þ þ 3:195ð1:2350ÞrI
 1:297ð0:513ÞrR
ðR ¼ 0:962; n ¼ 12;P > 95%Þ ð21Þ
dðppmÞCa ¼ 123:10ð0:736Þ þ 3:161ð1:152ÞF
 0:084ð0:094ÞR
ðR ¼ 0:955; n ¼ 12;P > 95%Þ ð22Þ
dðppmÞCb ¼ 137:69ð0:457Þ þ 0:741ð0:091ÞrI
þ 0:294ð0:081ÞrR
ðR ¼ 0:928; n ¼ 12;P > 90%Þ ð23Þ
dðppmÞCb ¼ 137:69ð1:474Þ þ 0:823ð0:097ÞF
þ 0:350ð0:051ÞR
ðR ¼ 0:935; n ¼ 12;P > 90%Þ ð24ÞAcknowledgement
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